Obtaining psychometric properties regarding specific populations increases diagnostic accuracy and reduces economic health burdens. Beck depression inventory-second version (BDI-II) is useful for the screening and assessment of depression in clinical and research settings. The aim of the present study was to investigate the psychometric properties of the Persian (Farsi) version of BDI-II in patients with coronary heart disease (CHD).
INTRODUCTION
Depression is a comorbid disorder to severe physical problems, (1) such as cancer (2) and cardiovascular problems. (3, 4) Depression is highly witnessed among coronary patients. A study in China estimated the prevalence to be between 34.6% to 45.8%. (5) Research carried out in Iran reported the prevalence of depression among coronary patients to be 66%. (6) Depression is one of the cardiovascular risk factors which has been reported to be linked to negative treatment results and even to increased death rates among such patients. (7, 8) In case patients with cardiovascular problems are diagnosed with depression, there is an urgent need for psychotherapy. (9) Rapid and accurate diagnosis of depression in coronary patients is one of the pressing priorities. Interviews which lead to diagnosis impose time and cost restrictions on the healthcare system so the need for an accurate and specialized inventory to help with diagnosis is strongly felt. Various depression inventories are available, such as Beck depression inventory (BDI), properties patient health questionnaire 9 (PHQ-9), cardiac depression scale (CDS), and each displays different psychometric specifications. (9, 10) Regarding the major importance attached to the case of coronary patients, the need is felt to consider different depression inventories so that the best inventory with the most accurate sensitivity can be singled out and introduced as the appropriate choice for such patients. Beck depression inventory is an acceptable one, approved and suggested by the National Heart Foundation of Australia. (9) Although this questionnaire has shown acceptable reliability and validity in other countries for measuring depression in cardiac patients such as Indonesia (11) and Canada, (12) the need to investigate the reliability, validity, cut-off point, sensitivity, and specificity of BDI-II in Iranian cardiac patients is strongly felt.
As it is well proved that depression symptoms can surface differently in differing cultures, (13) it is necessary to investigate the reliability and validity of the BDI in different countries and with different populations. Beck depression inventory -second edition (BDI-II) has been frequently used in various groups, including heart patients in Iran. (14) (15) (16) However, in all of the studies, the psychometric properties obtained in the general population or the general properties of the questionnaire have been used. That is the reason why the psychometric properties of various groups may be different and one of the limitations we encounter is the restricted ability to generalize data for example. Wang et al. (17) showed that the cutoff points for screening for depression in various populations are different, and the cut-off point for the BDI in the general population is in the lower range (from 10-16) compared to the clinical population (from [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and the psychiatric population (from 19-31). In Iran, there is no study that has addressed the psychometric properties of this questionnaire in patients with coronary artery disease.
It is thus mandatory to investigate the psychometric properties and the diagnostic cutoff points of the inventory among coronary patients in Iran. Accordingly, the present research aims at investigating the reliability, validity, and cut-off point of the BDI-II in Iranian coronary patients.
METHODS

Participants and procedures
Among patients referred to Imam Ali Hospital in Kermanshah from June 22, 2018 to November 22, 2018, 289 patients with coronary heart disease were selected as samples. Excluded were patients with thyroid dysfunction, cognitive disorders such as dementia or Alzheimer's disease, records of brain strokes, severe psychological problems like psychotic symptoms and dissociative identity disorder as well as those who, due to severe heart problems, could not fill out questionnaires. Following briefing of the participants and acquiring their consent, clinical structured interviews were conducted by two psychologists. The participants then completed the PHQ-9, GAD-7, and BDI-II questionnaires.
Measurements
Structured clinical interview for DSM-5 (SCID): the structured clinical interview for DSM-V is the semi-structured interview for main diagnosis of DSM-5 (previously placed on the first axis). This instrument needs to be implemented by a clinical psychologist or a trained psychological health specialist familiar with diagnostic scales and classification of disorders in DSM-5. 
Depression
Beck depression inventory (BDI-II) is a 21-question inventory that measures the severity of depression. The inventory uses a 4-point Likert scale that assigns a value of 0 to 3 to every answer. The higher the score, the more severe the depression would be. The total score ranges from 0 to 63. Scores 0 to 13 indicate minimal depression, scores 14 to 19 indicate mild depression, scores 20 to 28 indicate moderate depression and scores 29 to 63 indicate severe depression. (19) Patient health questionnaire-9 (PHQ-9) is a self-report questionnaire which is designed to diagnose based on the Diagnostic and Statistical Manual for Mental Disorders-IV (DSM-IV). It has 9 questions and is derived from the complete version of PHQ. Participants need to report how they have felt over the past two weeks on a 4-point Likert scale ranging from not at all (0), several days (1), more than half the days (2), almost every day (3) and the total score ranges from 0 to 6. 
Anxiety
Generalized anxiety disorder 7 (GAD-7) is a self-report seven-item questionnaire that was devised by Spitzer et al. (21) It basically includes 9 items and is based on DSM. It is scored according to a 4-point Likert scale from 0 to 3 (not at all = 0, several days = 1, more than half the days=2, and nearly every day=3). The obtained total score is between 0 to 21 and the questionnaire is of a sensitivity of 0.89 and specificity of 0.82 at the cut-off point of 10 .
Data analysis
To analyze the data SPSS software version 21 was implemented. Cronbach's alpha was used to monitor the reliability. To investigate the validity, criterion validity based on the correlation between PHQ-9 and GAD-7 was used and to do so, Pearson correlation coefficient was calculated. To investigate the construct validity, exploratory factor analysis was performed. To interpret the ROC curve and obtain the best cut-off point, two methods suggested by Lowe et al. (22) were used. In the first method, maximal Youden Index (sensitivity + specificity-1) was implemented. The second method implemented a two-stage approach for screening depression disorder. In this method, the cut-off point is obtained with maximum sensitivity and specificity, higher than 0.75. The two-stage approach sounds more congenial to the clinical situation where the positive results of screening are usually followed by long diagnostic interviews and treatment in case they are rendered necessary. The area under the curve (AUC) was considered as the accuracy of scale.
Ethical considerations
This research project was approved by the Ethics Committee of the Shahid Beheshti University of Medical Silences under the code of ethics IR.SBMU.MSPREC.1396.286. As for those patients showing severe depression in clinical interviews, psychiatric counseling was requested after informing the cardiologic section of the hospital and the related specialist.
RESULTS
Characteristics of the subjects
Two hundred eighty-four patients admitted to Kermanshah's Imam Ali Hospital who were diagnosed with CHD filled out the questionnaires. The age range of the participants was 59.78 ± 10.19 years and there was an almost equal gender distribution, with 155 male participants making up A B C 54.6% of the sample. Forty six participants were clerks (16.2%), 108 were business people (38%) and 130 were unemployed (45.8%). Ten percent of the population had bachelor or higher university degrees, 42% had diploma and associate degrees, 48% had some school education.
Reliability
The reported Cronbach's alpha on the internal consistency of the BDI-II was 0.90 and the correlation of each item with the total score ranged from 0.34 to 0.79 (p<0.001). The results of item analysis also indicated that alpha was reduced after illuminating items and it was consistent over all items so it was concluded that every item was suitable. (Table 1 )
Validity
The correlation of BDI-II with PHQ-9 and GAD-7 was reported to be 0.74 and 0.65 respectively. Factor analysis was implemented to investigate the construct validity and the result of Kaplan-Meier-Olkin test was 0.90. The Bartlett test proved significant which is an indication of the data being appropriate for factor analysis. Factor analysis results indicated that the questionnaire is of 5 factor loadings where the first factor explains 37.63% of the variation, the second factor explains 6.10%, the third factor 5.83% and the fourth and fifth factors explain 5.38% and 4.97%, respectively, of the variation. The factors totally explain 59.93% of the variation. (Table 2 )
Specification of the test for screening
To obtain accuracy and the optimal cut-off point, the ROC test was implemented. The results indicated that Beck Depression Inventory covers 0.86 (95% CI=0.82 -0.90) of the area under the curve (Figure 2 ). This data indicates that the second version of Beck depression inventory can recognize depressed coronary patients from the non-depressed.
According to the Youden index, the optimal cut-off point to diagnose depression in this study, and for research purposes, is 11 with sensitivity Table 2 . Factor analysis of BDI-II present study confirmed previous research carried out on coronary patients in Indonesia that came up with an alpha coefficient similar to ours (α=0.87). (11) In a study in the general and hospital population in the Dominican Republic, Cronbach's alpha coefficients were reported between 0.70 to 0.89. (24) The validity of the inventory was investigated through Pearson correlation of BDI with PHQ-9 and GAD-7, which turned out to be 0.74 and 0.65 respectively, indicating the inventory as valid. The above-mentioned study in Indonesia (Table  3) .
DISCUSSION
The internal consistency of BDI-II based on Cronbach's alpha was 0.90. Generally, Cronbach's alpha coefficients higher than 0.70 are considered as significant and coefficients equal or higher than 0.70 are trusted. (23) The (11) on coronary patients, and depressed and healthy people investigated the correlation of BDI with questionnaires of type D personality scale (DS14), Beck anxiety inventory (BAI), multidimensional scale of perceived social support (MSPSS), and life orientation test-revised version (LOT-R), yielding correlation coefficients of 0.52, 0.52, -0.039 and -0.46, respectively, which are lower than the values of the present study.
Factorial analysis of BDI implemented for coronary patients led to 5 major factor loadings listed here under the headings ccognitive, somatic, impaired performance, negative attitude to self and, and self punishment. Previous studies, carried out on differing populations, have reported different factor loadings, while previous researches on coronary patients share cognitive, emotional and physical factor loadings with ours. (11) With distinct samples of HIV patients factorial structures of cognitive/emotional and physical as well as factorial structures of negative thoughts, dysfunction and physical signs were Table 3 . Sensitivity, specificity, predictive values, and likelihood ratios at various cut-off scores of the BDI-II *Recommended cut-off points for a two-stage screening (maximal sensitivity and 75% specificity) **Optimal cut-off points according to maximal Youden Index (sensitivity+specificity-1). reported. (13) Considering the fact that depression surfaces differently in differing communities, the observed differences can be due to distinct communities.
The results of the ROC curve demonstrated that the AUC of the BDI-II was 0.86, which is considered good according to the conventional classification system. (25) In the Indonesian study on heart disease mentioned earlier, the AUC was 0.81, which is similar to that of the present study. (11) The obtained cut-off point in this study was 11 with sensitivity of 0.78 and specificity of 0.81 which indicates the instrument to be suitable for diagnosis and screening purposes. Confirming the present study results, a study on heart patients in Canada reported the optimal cut-off point, independent of demographic variables, as 10 with sensitivity of 83% and specificity of 73%. (12) In yet another research in Lithuania a cut-off point of 14 with sensitivity of 0.89 and specificity of 0.74 was reported. (26) As well, in a study in Indonesia on depressed, nondepressed and coronary patients, the cut-off point of 17 was obtained with sensitivity and specificity of 0.73 which is a bit different from the results of the present study as well as the two aforementioned studies. (11) It is worth mentioning that the population in Indonesian study was a combination of healthy, depressed and coronary patients and it aimed at diagnosing minimal depression which could explain the different reported cut-off point.
The present study has some limitations that should be taken into consideration.The present sudy investigated the BDI-II in a sample of the patients with CHD; therefore, the findings should be generalized to other populations with caution. Due to the limitations of this study, it is recommended that these questionnaires be studied in a different group of patients.
CONCLUSION
This study indicated that BDI was of a suitable reliability and validity in patients with
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Vol. 38 No.1 coronary heart disease in Iran. In Iran, the cutoff point of 10 could be implemented for clinical purposes and the cut-off point of 11 suits research purposes better.
